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FOREWORD 


This  report  describes  tests  conducted  b y  the  University  of 
Rochester  on  enti-oscillation  mounts  for  binoculars  which  were  de¬ 
veloped  under  the  following  contracts i 
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University  of  Rochester 
Eastman  Kodak  Company 
Eastman  Kodak  Company 
Technicolor  Motion  Picture 
Corporation 


Contract 

f 

OQCsr-160 

0EMsr-1090 

OtMsr-592 

OEMsr-617 


03BD  Report  No. 

1479 

4444 

6126 

418S 


Those  tests  tiro  not  adequate  to  assess  fully  the  relative 
effectiveness  of  the  various  mounts.  Additional  laboratory  and 
service  tests  are  much  to  be  desired. 

•  t 

The  gimbal  mount  developed  by  the  University  of  Rochester  and 
redesigned  fay  the  Eastman  Kodak  Company  (OUisr-1090)  for  production 
gives  tho  best  overall  performance  but  is  complex  and  expensive, 
and  requires  careful  adjustment  and  servicing.  The  simpler  mounts 
developed  by  Eastman  (OEMsr-392)  and  by  Technicolor  should  be  de¬ 
veloped  further.  Except  for  static  boros ighting,  it  seems  likely 
that  these  mounts  would  give  satisfactory  performance  in  aircraft 
and  on  ships. 


Theodore  Dunham,  Jr. 
Chief,  Section  16.1,  NDRC 
Optical  Instruments 


22-241  Radiation  Laboratory 
Massachusetts  Institute 
of  Technology 

Cambridge  39,  Massachusetts 
June  7,  1946 
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AHTI-OSCILLAT IOIT  HOOTT  TESTS 

In  the  course  of  the  development  of  the  anti-oscillation  mounts  at 
the  Institute  of  Optics  it  was  also  necessary  to  develop  and  construct  suitable 
equipment  for  making  accurate  laboratory  tests  of  their  performance.  The 
most  important  of  this  equipment  was  a  special  shake  table  for  measuring  the 
effect  of  various  types  and  amounts  of  mechanical  vibration  upon  antl-oscilla- 
tlon  mounted  optical  systems.  Since  this  shake  tablo  was  essentially  a  pre¬ 
cision  instrument,  not  easily  duplicated,  the  Institute  of  Optics  was  asked 
on  numerous  occasions  to  tost  other  types  of  anti-oscillation  mounts  besldos 
those  doveloped  in  its  own  laboratory. 

As  a  result  of  many  shako  tablo  performance  tests  on  its  own  anti¬ 
oscillation  mounts,  the  Institute  of  Optics  established  a  standardized  test¬ 
ing  procedure,  and  a  criterion  for  acceptable  porformanco.  This  critorion 
was  set  up  after  the  rosults  of  the  shake  table  tests  had  been  correlated  with 
a  considerable  amount  of  field  experience  with  mountings  in  various  types  of 
aircraft.  The  acccptablo  performance  so  errived  at  was  chosen  to  guarantee 
satisfactory  perfornar.co  in  flight  under  any  conditions  which  night  be  cn- 
counterod  in  any  typo  of  military  aircraft.  It  is  obvious  that  such  a  crit¬ 
erion  must  nceossarily  bo  sovero,  and  not  oaaily  met.  nevertheless,  the  ac¬ 
ceptable  performance  specification  finally  established  was  ono  which  was  met 
by  the  onti-o sc illation  mounts  designed  and  built  rt  the  Institute  of  Optics, 
not  only  before  loavlng  the  laboratory,  but  even  upon  their  return  from  ex- 
tonsivc  fiold  sorvico.  The  design  of  the  testing  equipment  and  the  testing 
proceduro  is  described  in  Anpcndix  I,  while  tho  acccptablo  performance  speci¬ 
fications  arc  given  in  Appendix  II. 
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9ho  ant  1-osc Illation  mount s  aade  'by  other#  and  submitted  to  the  Instil 
tuto  of  Optics  for  tests  fall  Into  two  groups.  In  the  first  group  arc  the  onos 
which  .employ  the  Institute  of  Optics  glrabal  and  air  dash-pot  principles,  but 
which  depart  In  design  details.  (This  group  Includes  the  mountings  discussed 
In  Appendices  III  and  IV.  Hero  the  testing  proceduro  and  performance  criter¬ 
ion  le  directly  applicable.  She  second  group  employs  a  different  principle 

Of  ant l-o sc Illation  mounting  and  doparta  radically  in  dcBlgn.  These  mountings 
« 

are  discussed  In  Appendices  V  and  VI.  Hero  tho  testing  procedure  serreB  as  a 
eonmon  ground  for  evaluating  relative  performance.  The  mount lng  discussed  In 
Appondix  VII  will  bo  censiderod  later. 

Of  thoso  Instruments  in  tho  first  group  which  have  been  tested  at  tho 
Institute  of  Optics,  none  completely  moots  all  the  acceptable  performance 
requirements.  In  general,  at  the  higher  frequencies,  which  Include  thoso 
frequencies  encountered  In  normal  flight,  their  performance  Is  satisfactory. 

All  of  them  have  natural  frequencies  which  arc  higher  than  has  been  found 
dsslrablo  In  the  Institute  of  Optica  mounts,  and  most  of  them  are  not  suffici¬ 
ently  dampod.  This  deficiency  is  apt  to  ce.uso  trouble  In  planes  which  have  a 
tendency  to  yaw,  or  in  tho  presonco  of  low  frequency  vibrations  arising  from 
gun  flro  or  bumpy  air.  Another  serious  shortcoming  Is  tho  poor  boro  sitting 
performance,  since  thoso  Instruments  are  Intended  for  use  as  gun  sights. 

It  may  bo  that  thoso  acceptable  .porfomenoo  specifications  have  been 
■ado  unnecessarily  severe  In  an  effort  to  insure  satisfactory  performance  under 
all  conditions.  If  so,  they  should  be  modified  for  any  particular  application 
in  which  operating  conditions  are  found  by  cxpcrlonco  to  bo  more  favorable. 
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fha  final  orltorlon  mat ,  of  oourss,  to  satisfactory  performance  under  actual 
oorrloe  use. 

The  Instruments  In  the  second  group  utilise  a  different  prlnolplo  and 
are  Intended  for  a  dlfferont  application.  Since  they  are  primarily  for  uso 
ae  visual  aids  In  searching  or  observing,  end  not  for  sighting  devices,  the 
boresighting  requirements  are  considerably  lose  severe.  This  Is  fortunato, 
for  the  principles  employed  In  thoso  Instruments  do  not  seom  to  lend  them¬ 
selves  readily  to  good  boros lghtlng.  As&r  as  the  transmisseblllty  of  thoso 
mountings  Is  concomod,  the  8«ndvik-C handler  type  compares  favorably  with  the 
global  mounts  ovor  part  of  the  frequency  range.  It  Is  Inferior,  however,  at 
frequencies  above  1800  rpn,  and  below  1000  rpn.  Tho  Technicolor  mounts  aro 
lnforlor  ovor  tho  entlro  range,  and  aro  unusable  at  certain  frequencies. 

In  evaluating  tho  perforaanoo  of  those  mounts,  it  should  bo  bomo  in 
mind  that  they  aro  a  less  preclso  and  consequently  loss  expcnslvo  design. 

Share  may  bo  many  applications,  therefore.  In  which  some  sacrifice  In  perform-  ' 
ance  can  bo  tolerated  In  the  Interost  of  cconony.  The  Sandvlk-Chandlor  mount 
appears  to  be  a  good  compromise  In  this  direction. 

Tho  Xollsnan  mount  discussed  In  Appendix  Til  omploys  tho  global  princi¬ 
ple,  but  differs  from  the  rest  of  the  group  In  many  important  ways.  Tho  air 
dash-pot  damper  Is  not  used,  and  no  satisfactory  substitution  Is  made  for  it. 
The  glmbal  principle  Itself  Is  not  woll  oxocutod,  as  the  systom  Is  not  proporly 
balancod.  In  fact,  tho  departures  from  the  Instltuto  of  Optics  dcsl&i  do  not 
appoar  to  havo  greatly  simplified  tho  construction,  but  unfortunately  havo  a f- 
foctod  the  performance  so  adversely  that  this  oountlng  docs  not  evon  comparo 
favorably  with  the  simplor  types  In  group  two.  On  tho  basis  of  the  shake  table 
tosts,  tho  applicability  of  this  mounting  would  soon  to  bo  oxtroaely  limit od. 
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lasting  frooefturoa 

She  requirements  of  a  ahalca  tpble  for  taatlng  tha  parforaaaea  of  antt- 
oaolllation  mounts  are  aa  follows t 

1.  The  shake  table  must  provide  both  linear  and  angular  vibrations 
of  known  and  controlled  amplitude  and  frequency. 

2.  The  amplitudes  and  frequency  must  be  Independently  adjustable  ae 
that  various  conditions  of  use  may  be  simulated. 

3.  At  any  one  time,  vibrations  of  only  one  frequency  may  be  present. 

She  amplitude  of  harmonies,  sub-harmonies  or  of  any  other  frequenoles  must 

ba  negligible. 

4.  The  eondltloni  of  a  teat  oust  be  reproducible  at  any  later  time, 
and  must  be  eaaentlally  the  same  for  any  weight  or  elae  of  Instrument  likely 
to  ba  tested. 

5.  loth  tha  linear  and  angular  amplitudes  should  be  eiBentlally  oo Sk¬ 
at  ant  over  the  range  of  fraquenciaa  teated. 

Commercially  available  ahake  tables  designed  to  test  the  meohanloal 
off seta  of  linear  vibration  upon  various  types  of  Instruments  and  equipment 
do  not  fulfill  their  requirements.  ^either  did  the  spring  suspension  type 
of  tablo  built  and  uaod  at  the  Institute  of  Optics  in  the  early  stages  of  the 
development  of  entl-oso Illation  mounts,  (Sea  report  "Aids  to  Right  Vision", 
Tobruary  1,  1942,  Appendix  VII),  Consequently,  a  shako  table  was  dovoloped 
with  theso  apodal  requlromonts  In  mind.  The  latest  modification  of  this 
equipment  le  shown  In  figures  1  and  2. 

Tho  vibration  platform,  upon  whloh  the  Instrument  undor  test  Is  mountod, 
la  oapablo  of  both  linear  end  angular  motion.  The  rear  of  the  platform  le 
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attached  to  the  hale  through  c rolled  axel  lying  in  a  plane  perpendicular  to 
the  longitudinal  axle  of  the  platform.  Since  tho  instrument  under  tost  le 
mounted  with  its  optical  axis  parallol  to  the  longitudinal  axis  of  tho  plat¬ 
form,  this  pivot  permits  rotation  about  any  axis  normal  to  the  optical  axis, 
hut  does  not  permit  rotation  about  tho  optical  axis. 

Tho  front  end  of  the  platform  is  moved  in  a  circle  whoso  plane  is 
normal  to  thr  optical  axis,  thus  providing  all  components  of  angular  vibration 
which  affect  optical  performance.  A  positive  eccentric  drive  insures  a  con¬ 
stant  angular  amplitude,  independent  of  frequency.  The  conventional  typo  of 
double  ceccntric  permits  an  adjustable  control  of  the  angular  amplitude.  Tho 
throe  components  of  linoar  vibration  arc  determined  by  the  position  of  tho 
instrument  with  respoct  to  the  pivot  point.  The  top  of  the  vibration  plat¬ 
form  is  provided  with  a  Berios  of  drilled  and  tapped  holes,  so  that  various 
types  of  instruments  may  bo  mounted,  and  in  various  positions. 

The  occontrlc  is  driven  by  a  shunt  wound  d.  c,  motor  through  a  Jack 
shaft  and  T-belt  arrangement  shown  in  Tiguro  2.  Cross  changes  in  frequency 
are  accomplished  by  changing  pulley  ratios,  whllo  a  fine  continuous  control 
la  provided  through  a  rheostat  in  series  with  the  armature.  Tho  frequency  is 
aaasured  by  an  oloctric  tachometer  bcltod  to  the  eccentric  drive  shaft. 

Tho  vibration  platform  is  made  of  dural,  and  doslgr.cd  to  provide  maxim 
stiffness  with  a  minimum  of  onertia.  The  pivot  axes  havo  heavy  duty  ball  bear¬ 
ings  properly  pro-loaded  to  give  froodom  from  shako  with  very  low  friction. 

All  other  parts  of  tho  equipmonb  arc  of  cast  iron  or  stool,  with  large  cross- 
ssotion,  and  table  and  drive  arc  mounted  on  a  heavy  ooncrote  base.  Mass  and 
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stiffness  ars  essential  in  the  prevention  of  flexures  and  resonances  whioh 
give  rise  to  unwanted  frequencies  and  variation  in  amplitude  with  frequency. 

The  performance  specifications  of  this  shake  table  are  as  follows) 

1,  Hornal  range  of  frequency  -  50  to  2000  rpm.  This  range  may  ho 
extended  in  either  direction  by  a  change  in  the  motor-jackshaft  pulley  ratio. 

2 ,  Angular  amplitude  about  vertical  and  horizontal  transverse  axes  - 

0  to  2  alls  (0  to  ^.ails  double  amplitude) .  The  angular  amplitude  is  adjust  able 
by  means  of  the  double  eccentrlo. 

3,  Linear  amplitudes  depend  upon  angular  amplitudes  and  upon  distance 
from  intersection  of  pivot  axes.  Maximum  linear  amplitude  at  10  inches  from 
pivot  axes  -  ,020  of  an  inch  (.QUO"  double  amplitude). 

U.  With  instrument  weights  up  to  20  pounds,  angular  and  linear  ax-  _ 
plltudes  are  constant  within  25 i  over  the  freouency  range  from  0  to  2000  xpsi, 

>  5.  Angular  and  linear  amplitudes  having  frequencies  other  than  the 

drive  frequency  are  negligible  over  the  abovo  ranges  of  amplitudes  end  fro queue Is 

An  optical  lover  is  uBod  to  measure  ihe  angular  amplitude  of  the  vibra¬ 
ting  platform  as  woll  as  tixat  of  the  instrument  undor  tost.  A  plane  galvano¬ 
meter  mirror  is  waxod  to  the  vibrating  moiriber.  Light  from  a  point  source  le 
collimated  by  a  simple  lens  mounted  independently  of  the  table,  le  reflected 
by  the  mirror  and  then  ro- imaged  by  thr  seme  lens  upon  a  screen  adjooont  to 
the  source.  The  scrocn  is  provided  with  n  rectangular  coordinate  system  so 
that  quantitative  measurements  of  amplitudo  oan  bo  made.  Linear  amplitudes 
are  measured  with  a  dial  indicator. 
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Acceptable  Performance 

The  effectiveness  of  an  anti-oscillation  mount  la  measured  In  tense 
of  transmissibility.  The  calculation  of  the  theoretical  transmissibility 
of  such  mounts  has  teen  previously  reported  ("Anti-oscillation  Mounts" , 

Maroh  1,  19U3) ,  The  experimental  transmissibility  is  the  ratio  of  the  angular 
amplitude  of  the  optic  axis  of  the  instrument  to  the  angular  amplitude  of  the 
outer  frame  of  the  mounting.  The  latter  is  also  the  angular  amplitude  of  the 
shake  table ,  if  flexure  is  negligible. 

In  order  to  Insure  satisfactory  field  performance,  and  to  provide  a 
fair  basis  of  comparison  between  various  anti-oscillation  mounts,  a  standardised 
tasting  procedure  has  been  set  up,  and  certain  minimum  performance  require¬ 
ments  have  been  established.  The  transmissibility  is  measured  with  both 
linear  and  angular  vibrations  greater  than  are  encountered  in  fli£it.  The 
conditions  of  the  transmissibility  tests  are: 

1.  Constant  angular  vibration  about  two  perpendicular  axes  normal  to 
the  optical  axis,  with  double  amplitude  between  1.5  and  3.0  milt. 

2.  Constant  linear  vibration  in  three  perpendicular  directions,  with 
double  amplitude*  at  the  Instrument  center  of  gravity  betweon  .010  and  .020 
of  an  inch. 

3.  Measurements  mads  at  frequency  intervale  of  100  rpm  or  leet,  from 
2000  rpm  down  to  50  rpm,  or  bolow  the  natural  frequency  of  the  mounting. 

An  "Acceptable  Performance  Curve"  of  tranemiaelbllity  has  been  estab¬ 
lished  to  detormlne  whether  the  instrument  moots  the  minimum  requirements  for 
field  use.  As  a  basis  for  this  criterion,  six  teste  of  the  Type  Il-b  Antl- 
Oeolllatlon  Mounted  Binoculars  wero  selocted.  These  tests  were  mado  on  three 
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different  Instruments  huilt  at  tho  ln«titute  of  Optica.  They  were  made 
at  different  tlmos  orer  a  period  of  four  months ,  hy  throe  different  oh- 
aerrsra.  Shreo  of  the  tests  were  run  of  mountings  hoforo  they  were  sent 
out  for  gli^ht  tests,  end  tho  other  three  wore  made  on  the  mountings 
after  they  had  rotumod  from  flight  tests.  Although  a  great  many  other 
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f light  testa.  Although  e  greet  many  other  teete  hare  been  run,  these  six 

■ere  selected  es  representative  of  good,  but  not  exceptional,  shake  table 
s 

performs  nee  In  mounting  which  gave  good  ♦’light  performance. 

The  experimental  values  of  trenamiaaibility  for  these  six  teats  ere 
represented  by  the  points  in  Pi cure  1.  It  will  be  noted  that  these  points, 

■1th  one  or  two  exceptions,  ell  fall  below  the  solid  curve.  The  letter  is 
a  theoretical  curve  so  commuted  as  to  include  not  only  all  of  these  experi¬ 
mented  measured  points,  but  elao  the  transmisalbillty  o"  other  mountings 
having  equally  satisfactory  performance  characteristics.  In  order  to  compute 
such  a  curve,  definite  values  of  natural  freciuency  and  damping  ratio  have  to 
be  selected.  The  natural  frequencies  of  tho  mounting  tested  were  between 
60  and  80  rpm,  but  to  provide  somewhat  greater  tolerance  in  this  characteristic 
.  a  value  of  100  rpm  was  chosen  for  the  theoretical  natural  frequency.  This 
has  the  effeot  of  increaai  g  the  tronamiaaibllity  at  higher  frequencies.  It 
has  been  determined  from  flight  teats  that  beat  results  are  obteined  If  the 
natural  froquenoy  is  not  higher  than  100  rpm,  and  the  damping  ratio  ia 
between  0.3  and  0.5  critical.  Since  the  lower  value  rives  a  lerrer  value  of 
trenamiaaibility  at  low  frequencies,  It  has  boen  used  to  compute  the  curve 
between  zero  and  lAl  rpm.  At  higher  frequencies,  tha  larger  veluc  of 
damping  ratio  gives  higher  tranamiaaibility,  hence  it  has  been  chosen  for 
the  renge  from  lAl  to  2000  rpm. 

It  should  be  noted  that,  although  this  composite  curve  ia  computed  fron 
theoretical  considerations,  it  represents  an  upper  limit  of  transmisaiblllty 
versus  frequency  which  flight  testa  have  demonstrated  as  satisfactory.  It  Is 
therefore  an  experimentally  determined  tolerance  curve  expressed  enalytloelly. 
It  la  not  necessary  that  any  particular  mounting  hevo  tlieae  ohoaen  values  of 
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natursl  frequency  and  damping  ratio  in  order  to  be  astiefactory;  it  ia  merely 
neoeaaary  that  ita  experimentally  determined  tranamiaaibility  lio  below  thia 


curve. 

The  coordinates  of  this 

curve  arc  given  in  Table  I. 

Table  1 

RPM 

TRANS 

RFM 

TRAP'S 

20 

1.04 

160 

0.65 

50 

1.29 

160 

0.72 

70 

1.61 

200 

0.62 

60 

1.60 

250 

0.46 

90 

1.92 

500 

0.57 

100 

1.87 

400 

0.26 

110 

1.68 

500 

0.21 

120 

1.42 

1000 

0.10 

141 

1.00 

2000 

0.05 

Since  one  of  the  important  applicationa  of  the  nnti-oacillation  mount  ia 
for  optical  gun  sights,  a  second  type  of  meSBuroment  is  included  in  the  acceptable 
performance  testa.  This  measurement,  called  boreBighting,  ia  the  angular 
relationship  between  the  direction  of  the  optical  axis  and  a  direction  fixed 
with  respect  to  the  outer  *’rrmo  or  the  mounting.  The  bore  sighting  error  or 
deviation  from  the  desired  relationahlc  ia  usually  apccifiod  in  mils,  or 
thousandths  of  a  radian.  It  may  be  racnaured  conveniently  on  the  shake  tablo  with 
the  same  aot-up  uaod  to  determino  the  anguler  amplitude  of  the  optical  axis. 

The  inner  gimbal  sya4om  comprising  the  optical  instrument  and  inner  glmbal 
axis  ia  pushed  by  hand  against  the  stops  which  limit  its  angular  excursion  and 
then  reloaaod.  Ihen  the  system  hss  come  to  rest,  its  direction  is  noted  by  the 
position  of  tho  spot  on  tho  screen.  This  process  is  repeated  soversl  times 
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(usually  10)  with  the  direction  of  tho  diapleoeaent  different  for  each 
neeeurenent.  The  greatest  difference  between  eny  two  measurements  la  the 
boresighting  error.  Tha  differencee  ere  usually  resolved  into  vertical  and 
horizontal  conponente  ,  and  specified  ea  vertieel  end  horizontal  boreeighting 
error a. 

If  the  meeauretnenta  are  made  while  the  mounting  is  vibrating  on  the 
shake  table,  they  ere  called  "dynamic  boreaighting"  errore,  but  if  they  ere 
■ade  with  the  shake  table  atetionary,  they  ere  called  "atatic  bortaighting" 
errors.  A  maximum  error  of  not  more  than  2  mils,  in  both  static  end 
dynamic  boreaighting,  ia  considered  acceptable. 

Any  chango  in  the  aeBn  direction  o'1  the  optioal  axis  during  a  shake 
table  test,  not  the  raault  of  an  external  force,  is  called  "wandering"* 

Aiv  auoh  changa  la  undesirable,  but  a  change  of  greater  than  2  mils  in 
■  gun  sight  is  not  ecceptsble* 

In  the  Unlveralty  o'  Rocheater  Type  Il-b  mountinga  whoae  trenaniael- 
billtiea  ere  anown  in  Figure  1,.  the  atetic  and  dynamic  boreaighting  and 
wandering  errore  ire  ell  leee  then  2  ails* 
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The  6  x  42  Sight  Binocular  ACM 

This  claaslf  lent  Ion  Includes  several  Inatruaente,  all  Baaed  upon  a 
design  By  J.  Mihaiyl  at  Eastman  Kodak  Company,  and  lntondod  for  uao  In  P-6l 
night  f  t,»i..ter  pianos.  Tho  KihnlyJ.  design  employs  the  Ball-Boaring  glnibal 
and  air  djeb-pot  damper  construction  of  the  Institute  of  Optics  typo  Il-b 
AON  (Soo  Anti-Oscillation  Mounts,  March  1,  1943),  But  Is  modified  to  fit  the 
swivel  and  bracket  requirement s  of  the  P-6l  Installation.  While  these  modi¬ 
fications  result  In  an  Increase  In  size  and  weight,  and  a  change  in  physical 
appearance,  no  appreciable  change  in  performance  characteristics  is  to  Bo  ex¬ 
pected. 

X  few  of  thoso  Instruments  were  made  in  the  model  shops  of  tho  East¬ 
man  Kodak  Camera  Works.  Although  they  wore  Brought  to  tho  Institute  of  Optloa 
on  several  occasions  for  quick  visual  chocks  of  shake  table  performance,  only 
one  was  submitted  for  a  comploto  performance  test.  The  horizontal  and  vertical 
tranzmlsziblllty  of  this  mount.  Serial  02,  shown  In  Figure  1,  should  be  com¬ 
pared  with  tho  Acceptable  Performance  Curve  In  Appondlx  II,  The  performance 
of  this  mount  abovo  200  rpn  Is  excellent.  Below  this  frequency,  however,  the 
transmlssiblllty  Is  considerably  greater  than  the  acceptable  value.  This  Is 
Ana  primarily  to  Insufficient  damping,  but  tho  somowhrt  high  natural  frequency, 
particularly  In  the  vertical  component  (vibration  about  the  horizontal  axis), 
la  a  contributing  factor.  It  zhould  bo  noted  that  increasing  the  damping 
enough  to  bring  tho  trensmizsibillty  within  the  acceptable  performance  curve 
Below  200  rpn,  will  eauao  somo  deterioration  in  performance  above  200  rpm. 
Decreasing  tho  natural  frequency  will  result  In  en  overall  gain  In  performance, 
The  vertical  components  of  tho  static  and  dynamic  Boresighting  errors 
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exceed  the  acceptable  maximum  by  a  largo  amount.  The  horlaontal  ooaponents 
and  the  wah  daring  are  woll  within  tolaranco. 

1  sample  lnstrumont  manufactured  by  Araorictui  Aircraft  of  Dayton.  Ohio 
was  brought  to  the  Institute  of  Optics  for  shako  table  tosts  by  Mr.  C.  R. 
Wilson.  This  mounting  was  built  from  the  Mlholyl  design,  but  dlffored  la 
some  small  details  which  had  boon  changed  to  facilitate  production.  In  the 
first  tost,  Tory  bad  wandering  was  prosent,  so  the  lnstrumont  me  taken  apart, 
sororal  adjustments  made  and  then  rc-assoriblod.  The  work  was  dono  by  membors 
of  the  Instituto  of  Optics  staff,  with  Mr.  Vllson  of  American  Aircraft  ob¬ 
serving.  The  objoct lonnblo  wandering  was  absent  In  the  second  test,  shown 
In  figure  2,  The  performance  of  this  mounting  Is  satisfactory  at  high  fre¬ 
quencies,  and  the  maximum  at  reeonaneo  Indicates  proper  damping .  Tho  natural 
frequency  of  tho  korlsontal  component  (rotation  about  the  vertical  axis)  is 
somewhat  hi^i. 

Tho  dynamic  boroeightlng  error  is  above  tolerance  In  both  components, 
and  tho  atatic  error  Is  high  In  the  horlsontal  conponont.  Tho  wandering  Is 
well  within  toloranco. 

An  lnstrumont  manufactured  by  tho  Rob Ins on-Houehln  Company  of  Colum¬ 
bus,  Ohio,  under  contract  with  the  Unlvis  Corporation  of  Dayton,  was  submitted 
for  shako  table  tosts.  This  mounting  was  built  from  the  sane  do»lgn  as  the 
American  Aircraft  unit.  The  performance  curves,  in  figure  3.  show  Insuf¬ 
ficient  damping,  and  too  high  a  natural  frequency  about  ono  axis.  In  addi¬ 
tion,  the  high  froquoncy  performance  Is  not  quite  acceptablo  over  most  of  the 
range.  She  wandering  Is  satisfactory,  but  both  static  and  dynamic  borosight- 
lng  In  the  horlsontal  direction  are  very  poor. 
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The  6  x  42  ITif^it  Monocular  AO!’. 

This  instrument,  designed  by  Mr,  J.  Mihalyl  of  the  Eastman  Kodak 
Company,  and  built  in  the  Camera  Works  model  shop,  is  a  development  of  the  In- 
etltute  of  Optics  Type  111-b  Monocular  ACM  (See  "Anti-oscillation  Mounts 
March  1,  19^3) •  It  employs  the  ginbal  ring  and  air  dash-pot  damper  principles, 
hut  has  on  in-line  Schmidt  prism  erecting  system.  This  modification  of  the 
optical  system  permits  a  compact  yet  rugged  mounting. 

The  shako  table  performance  of  this  mounting  is  shown  in  Figure  1. 

As  in  tho  Kodak  binocular  instruments,  the  high  frequency  performance  is  good, 
but  the  system  has  too  high  a  natural  frequency,  and  is  not  suff icicntly 
damped.  Honce  the  transmlssibillty  below  300  or  IJOO  rpm  is  not  within  the 
acceptable  limits.  The  bohavior  in  tho  static  borosightlng  test  was  vory 
poor,  so  no  dynamic  borosighting  tests  wore  mado.  Tho  wondering  is  within 
accoptable  limits. 
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fsetaioolor  Mount  ■ 

two  binocular  mount ■,  ono  for  shipboard  and  the  othor  for  aircraft 
uas,  dssignod  and  built  by  the  Toohnlcolor  Corporation,  woro  aubmlttod  to 
tha  Inatltute  of  Optica  for  shake  table  teats.  These  mounts  differ  radically 
in  prlnclplo  and  construction  from  the  glmbal  and  air  dash-pot  type.  The 
binocular  eystom  la  aupported  at  approximately  Its  center  of  gravity  on  a 
ball-«n dr- socket  unlvorsal  point.  The  restoring  torque  Is  provided  by  rubbor 
washers  which  clasp  on  tha  ball.  Ho  lntenalvo  investigation  of  tho  function* 
lag  of  this  design  was  made,  but  sevoral  shake  tablo  tosts  woro  run,  with  the 
various  ball-and-socket  units  furnished.  Three  of  these  shown  In  figures  1, 
2,  and  3  Illustrate  tho  range  and  type  of  performance  obsorvod. 

It  Is  evident  from  the  data  that  this  typo  of  mounting  Is  not  com- 
parablo  in  porformaaoe  with  the  global  mounting.  Although  the  performance 
varlos  widely  In  theeo  throe  reprosentatlvo  tests,  nono  approaches  tho  ac¬ 
ceptable  performance  curvo.  In  Tiguro  1,'  tho  transmlsslbillty  abovo  1200 
rpm  la  roasonablo  good,  but  there  is  a  bad  rosonanco  at  900  rpm  In  the  vor¬ 
tical  component.  The  amplitude  at  resonanco  Is  oxcosslvo,  Indicating  lnsuf- 
flolont  damping.  The  porformanco  In  figure  2  Is  very  poor  over  practically 
the  entlro  range  of  frequencies.  In  flguro  3,  the  eyetom  Is  heavily  dnmped, 
but  tho  porformanco  at  high  frequencies  is  only  fair,  not  aeceptablo  over 
most  of  tha  rango. 

This  mounting  principle  does  not  appear  to  bo  suitablo  for  gunalght 
applications,  Tho  dynamic  boresighting  in  sll  casos  but  one  Is  abovo  tolor- 
anoa,  and  the  wandering  le  oxcosslvo.  Socaueo  of  tho  frictional  damping,  no 
atatlc  boro  sighting  tosts  oould  bo  mado.  The  restoring  torque  was  Inruf— 
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fiolent  to  overcome  starting  friction.  Zt  ahould  bo  pointed  out  that  theaa 
mountings  wsro  intended  for  observation  uae ,  not  &a  gunslghts,  They  did  not 
contain  gratlclce. 

The  teat  a  wore  confined  to  the  ahlphoard  unit  which  waa  deal  pied  for 
pedeatal  mounting.  Tho  aircraft  unit  waa  dcelgnod  for  an  ovezhead  mounting, 
which  would  require  a  oona iderahle  modification  of  the  shake  table.  The  per¬ 
formance  of  the  aircraft  unit  when  mounted  upside  down  on  the  shake  table 
waa  ao  poor  no  quantitative  teats  ware  attompted. 
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The  Sandvlk  >  Chandler  Mount 

The  binocular  mounting  designed  by  Sandvlk  and  Chandler  at  Kodak  Park 
was  alnllar  In  prlnoipls  to  the  Technicolor  mounts,  hut  differed  In  details 
of  restoring  torque  and  damping.  One  of  these  units  was  submitted  for  shake 
table  tests  by  Sr,  Chandler,  The  performance  curves  are  shown  In  figure  1. 
Vhile  the  transmleelblllty  In  the  range  from  about  1200  to  1800  is  acceptable, 
at  low  frequencies  It  Is  noticeably  poorer  than  that  of  the  glmbal  type. 

The  system  Is  heavily  daaped,  and  has  a  high  natural  frequency,  about  200  rpm. 
At  the  request  of  Sr.  Chandler,  who  observed  the  test,  no  measurements  were 
made  above  1800  rpm,  where  the  accelerations  In  the  shake  table  exceed  gravity. 
This  mounting  employs  frictional  damping,  hence  static  bores  lilting 
teats  were  not  applicable.  The  dynamic  boresighting  errors  were  within  tol* 
erancs,  but  the  wandering  about  the  horleontal  axis  was  greater  than  the  ac¬ 
ceptable  maximum. 
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Tho  lolls  non  Mount 

An  Anti-Oscillation  nountod  binocular,  manufactured  by  the  KollBman 
Instrument  Division  was  submitted  by  tho  Bureau  of  Aeronautics  for  shake 
table  tests  at  the  Instituto  of  Optics.  This  mounting  used  the  glribal  prin¬ 
ciple  but  departed  widely  from  tho  design  of  the  Instituto  of  Optics,  Typo 
Il-b  end  tho  East  non  Kodak  6  x  42  Might  Binocular.  Flguro  1  shows  tho  per- 
fornnnee  of  this  mounting.  A  copy  of  tho  report  submitted  to  the  Bureau  of 
Aeronautics  is  also  included. 
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SHAKE  TABLE  TEST  OE  KOLLSMA1T  AOM  BINOCULAR 

An  anti-oseillr. tion  mounted  binocular,  manufactured  by  Kollsmnn 
Instrument  Division,  has  boon  submitted  by  the  Bureau  of  Aeronautics,  Hnvy 
Dopnrtnont,  to  the  Instituto  of  Optics,  University  of  Rochester,  for  toot¬ 
ing  in  accordanco  with  specifications  submitted  by  tho  Institute  of  Optics, 

This  test  has  beon  carried  out,  with  tho  following  rosultst 

1,  Tho  vertical  and  horizontal  components  of  transnissibility  of 
this  counting,  as  measured  on  the  shako  tablo,  nro  plottod  on  tho  accompany¬ 
ing  graph,  together  with  the  Acceptable  Performance  Curve  given  in  tho  speci- 
fient  ons. 

2,  According  to  tho  specifications,  the  transmissibility  ns  measured 
on  tile  shako  tablo  shnll  be  less  then  or  equal  to  that  of  the  Acceptable  Per¬ 
formance  Curve  over  the  froquency  range  from  0  to  2000  rpm.  Tho  graph  shows 
wide  departure  from  thic  specification, 

3,  Visual  observation  through  tho  binoculars,  during  the  Bhnko  tablo 
test,  shows  vory  poor  performance  over  practically  tho  ontiro  rnngc  of  fre¬ 
quencies, 

4,  This  shako  table  tost  indicates,  in  our  opinion,  that  tho  mounting 
is  unsatisfactory  for  uso  in  aircraft. 

An  inspection  of  the  design  and  construction  of  this  mounting  leads 
to  the  following  concluoionst 

1,  Ho  suitablo  damping  of  the  system  has  been  providod. 

2,  Tho  inner  systoms  nro  not  properly  balnncod,  and  no  ndoounto  pro¬ 
visions  hnvo  been  nado  for  doing  so. 

3,  Tho  restoring  torque  is  too  groat,  resulting  in  too  high  a  natural 
froquency, 

4,  Tho  boorings  nro  not  pro-londod  to  provont  ond-ploy. 

5,  The  construction  is  not  sufficiently  rigid  nnd  freo  from  plry. 
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ABSTRACT: 


Tests  conducted  by  the  University  of  Rochester  on  antlosclliatlon  mounts  for 
binoculars  are  described.  Appendixes  give  the  design  of  testing  equipment, 
testing  procedure,  and  acceptable  performance  specifications,  and  discuss  the 
mounts  that  were  tested.  The  gimbal  mount,  developed  by  the  University  of 
Rochester  and  redesigned  for  production,  by  the  Eastman  Kodak  Company  gives 
the  best  over-all  performance,  but  Is  complex  and  expensive.  The  simpler  mounts, 
developed  by  Eastman  and  Technicolor,  require  further  development. 
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